. It is concluded that colourdiscrimination may be abnormal in uncomplicated type 1 diabetic patients before the onset of retinopathy, and that colour discrimination losses in diabetes may not be of vascular aetiology.
Most reports concerning the aetiology of diabetic retinopathy have been concerned with its vascular aspects or their sequelae.' Little evidence exists for a mechanism independent of vascular changes as a cause ofdiabetic retinal malfunction. For several years it has been known that colour discrimination is abnormal in diabetic patients with either background retinopathy,2 or with proliferative retinopathy and maculopathy.3 In both groups of patients there is overt vascular damage (diabetic retinopathy) which may be the cause of the colour discrimination losses.
The aim of the present study was to determine whether colour vision is abnormal in young, and non-complicated type 1 diabetic patients without any evidence of vascular disease, and without retinopathy as defined by fluorescein angiography.
Patients and methods

PATIENTS
We compared 38 type 1 diabetic patients aged between 16 and 40 years with 36 age-matched, non-diabetic controls. normally distributed. Raw error scores for the 100-hue test are usually positively skewed7 and a square-root transformation is often performed to normalise the data. As the appropriateness of this square-root transformation has recently been questioned8 both raw error scores and transformed data are presented here.
Results
By virtue of the conditions of entry into the study, all the diabetic patients had normal Snellen acuity (better than 6/9), an intraocular pressure of less than 21 mm Hg, and normal ocular media. Fluorescein angiography was also normal in all patients (a single microaneurysm being considered abnormal). Control subjects had normal Snellen acuity (better than 6/9) and no abnormalities of the ocular media or of the retina on direct ophthalmoscopy.
All subjects scored normally on the Ishihara 38-plate test and the City University Test. Results for the 100-hue test in the form of total error scores and their transformations are shown in Table 2 . In addition, an age-adjusted mean error score based on Verriest's original norms' is included. This adjusted score must be regarded as an approximation only since our illumination was higher than that used by Verriest. Most (57%) of the diabetic group had 100-hue error scores more than 2 SD values above the mean for the control group.
A polar plot of the 100-hue error score was obtained for each subject, and typical plots for three diabetic patients are shown in Figure 1 . No individual patient had evidence ofpolarity on his or her 100-hue plot, nor did Fourier analysis of individual data reveal any significant polarity (2-cycle/0-cycle <0-2 in all cases; see Allen'").
By virtue of the conditions of entry in the study, the age-range ofthe patients and their agematched controls was limited [mean (SD) 26 (7) years]. There was no correlation between age and diabetes duration (r=0 09, p>0-05), nor between age and 100-hue error score (r=0 12, p>0-05). As shown in Figure 2 , there were no significant correlations between 100-hue error score and diabetes duration, blood glucose at the time of colour vision testing, most recent glycated haemoglobin, or the mean ofall previous glycated haemoglobin results.
Discussion
Marked abnormalities of colour vision were detected in young, uncomplicated type 1 diabetic patients in whom fundal photography and fluorescein angiography were normal. The relatively low error scores in the control group compared with the normative data of Verriest9 may be due in part to the rigorous exclusion criteria employed in this study. No control (or patient) had evidence of lens abnormalities, which may occur earlier in diabetic patients" and may influence colour discrimination.'2 The age range was limited to subjects between 16 and 40 years, for although age has an influence on colour discrimination9 it varies little over this range. Many drugs,'3 including the oral contraceptive pill,4 and oral hypoglycaemic agents,'3 may adversely affect colour vision, so that subjects taking medication other than insulin were excluded. Our use of a relatively high level of illumination may also have contributed to the relatively low error scores for the controls. Colour discrimination with the 100-hue test is known to vary with level of illunmination'5: low levels produce higher error scores, and may introduce an artefactual tritan-like colour discrimination loss'6; a higher level was used here to avoid these effects, and also because it was more appropriate for the other colour vision tests we employed. Verriest acknowledged that he had used a lower level of illumination than was usual in his 1963 study,'7 and that the illuminant in his 1982 study was to compromise between his 1963 illuminant and levels of illumination used by others. Indeed, in a study using the City University colour vision test (also employed in this study), he recommended an illumination level close to that used here.'8 There were slightly more males in the diabetic group than in the control group, but colour discrimination does not differ significantly between men and women.'7 Thus, the present findings cannot be attributed to unusually good performance in the control group. Even when performance in the 100-hue test was compared with Verriest's original 1963 data for normal controls, the error scores in the patient group were significantly worse.
Previous studies have shown that diabetic patients with retinopathy, and thus with overt vascular disease, may have abnormal colour discrimination.23 In this study, none of the young type 1 diabetic patients had any evidence ofeither macrovascular or microvascular disease, yet colour discrimination was markedly abnormal in 57% of patients. It is possible that despite a lack of any evidence of vascular disease a few patients may have had occult vasculopathy. It is unlikely, however, in view of the low age of the group and their short duration of diabetes that occult vascular disease could have accounted for the impaired colour discrimination present in so many patients. It is known that with increasing diabetes duration the microvascular complications of diabetes become more frequent. '12 
